LEGIBILITY NOTICE

A major purpose of the Technu-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’'s Research and Development
Reports to business, industry, the
academic community, and federal,
staie and local governments.

Although a small portion of this
report Is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR -?7-111% : i

LARAR LS e 4 a1t e 8 DPerdlC L. 'te T usryt, T g0t e g tar the nred Siates Degaci—ert 0 l- u-v,. PEEE LR L TOL I R B A )

LA-UR--89-1118
DE8B9 009249

ot APPLICATIONS OF cCOMPLEX TERRAIN METEOROLGGICAL, MODELS
TO EMERGENCY RESPONTE MANAGEMENT

=]

A b Tertsurnr Yamada, ESS 5
John M, Leone, Ir., LLNL
K. “hankar Rao, Oak Ridye Narional Laboratorv
Marvin H, Dickerson, LLNL
David &, Bader, Pacitic Northwest Lab
Michael D, Williams, A 4

Sepmercpsoco Secaomd Internat tonal workshop o on Reql Time Comput ine ot 1 he
Emvitomment al Sonsequences ol an Accident al Release 1o v he
Atmosphere trom aNclear Installation, Laxembourpe, Mav 16
19Xy

DISCLAIMER

This 1eport was prepated as an account of work sponsored by an agency al the United States
Government  Newthee the Uinited States Go o ernmest nor any agency theeeof, not any of then
empluvees, makes any wartanty, cxpress or imples, or assumes any legal hatality o tesponsg
hility for the accuracy, completeness, or uselulness of any formation, apparatus oeduct o
promess disbosed, o eepreseats that s use wanld not mtoange prs dely owned nphis Reler
eme heremn (o any speaific commercl producd, process, or seivice by frade name Trademark,
manutactorer, or uthersine doies pol necessarthy comtute o amply ity endorsement, recom

mendation, or favonng by the United States Government s any ageney thereol The viras

and opimons ol authoes expressed heren o nol necessanly state or aetledt thine of the
LHitel States Goversanent or any apeny theieal

W pSTER

‘ AN R/ANERTRS (0 Los Alamos National Laboratory
( 1(( ))\‘ DN/} (! ’ “ l )<( D\‘ 2 Los Alimos New Mexico 876548

RV R DISTHIRUTION OF THIES DOCUMENT 155 UNLIMIUTED

BT R
'
'


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Applications of Complex Terrain Meteorological Models to

Emergency Response Management

By

Tetsuii Yamudal!
John ML Teane, Ji -
K. Shinwar Rao!
Marvin H. Dicherson®
David € Bader!

Miclhael DL Williins!

Secomd nternational Wark hop oo Read time Comparing of the T ovirommesta! Con .
quences of an Nvovdental Release to the Nvmosphere from o Nuelear Tn dallation, oy

cmboure. NMay 16 19, 19v)

I Lo Namew Nanonad abvaators, Too Names . NAL ~ 00
Vobawreme Fovormone Natienal Tabhaatory, ivenmore, €N 01000
boveno nhern Tarhenee and il won s o, NONY Ol Rotee 0N 3, 1

oo Paohe Nonthwes v [ abogatooes, Rochland WA g0



Applications of Complex Terrain Meteorological Models to
Emergency Response Management

By

T. Yaumada! J. Leone. Jel Ko S, Rao!
M. Dickersons 1. Bader® and M. Williams?

Abstract

I'he Office of Health and Fovironmental Research (OHER )Y, US. Department of Fnergy 1 DO,
has supported the development of mesoscale transport and diffusion and meteorological models for
several decades, The model development activities are closely tied to the OHER field measuremen:
program which has generated a large amount of meteornlogical and tracer gas data that hiave heey,
nsed extensively to test and improve both meteorological and dispersion models, This paper briefly
discusses the history of the model development activities associated with the OHER atmospheric
science program. The discussion will hen focus on how eesults from this progriun have made thein
wity into the emergency respouse comenunity in the past, and what activities are presentlv beinge
pursued to improve real time emergeney response capabilities, Finally, fruitful areas of research for

improving real time emergency response modeling capabilitien are sugpested,
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Introduction

For the past two decades, going back to the time when the present U.S. Department of Fnergy’s
i DOE) Office of Health and Fovironmental Researeh {OHUR wis part of the Ntowie | oerey
Commission, DOT s supported the development of atmorplienie transport models for the purpose
of investigating, the dispersion of radioactive matenial. This work encompassed varions scaies of
motion from focal to regional to henaspheries Foroa perand of time i the 197000 DOT cposonid
roscarclh Wis -0 focused on e ddispersion of pallutants frome conventionai poser annt < and
tore recentiv, ~some modeling ethores wirth DOV cponsored research e conventrated on profdems
associited with acid deposition cParrinos and Knox, (959,

Orver this 20 vear period, a sivnilicint amount of DOV -pon ored modeline researn b e ade
s wav o the emergeney response areta. Yor exameples it swas throneh thic receancl snnpon
that the first Atmosphenie Release Advisory Capabilitn, the ARNC cDickerson or al (19830 10987,
prototvpe docated at the Lawrenee Tivermare National Taboratorvowas deseloped. Thie protcayvpe
wits stubseguently wad as o basis for the present ARNC svatem which now serves s a0 U850 DO
Department of Defense, and Naval Reactor emervency pesponse resonpee, and al o sappores ather
feeleral and state aeencies - he core modeline capalalics sithin thieosy tem o the NIXTHEAW ADPIC
models (Dicker-on ot ol 130 was Lareeld deseloped thoueh DOT OHT R findine. Nooveconnly,
aancients of the Chiernoby b uncear reacror aecrdent allo trare the capabaliny that b e
from the worh porcored by DO banee of wl 30w

Reventhv, rhromeh the OHER -pon ocred N plhess St 0 N T E T D

ASCO T proeranmn he development of pome o cpetennoioeieal snodel B ceerend Ly
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In the following section we review the models, either totally or partially sponsored by the DOFE
OIER. that have moved, or for which there are plans to move. from the research phase into the
ctergency response operational phase. It is not possible in this paper to discuss all the maodel
development acrivines sponsored by OHER over the past 20-pluas veat @ therefore most of the work
discussed in this paper is rather vecent althoneh some has been in progress over a petiod of years
shronah continned research otforta, Beaders are referred vo Vldis cf w1959 for ovade ation of
tindel pertforimanes.

B the dast section of this paper we disenss research arvas where we heieve there i e ientially
Wik pay ofl for iprovine viereeney response capabalities as thes pervan o herter ader-tandine
A utilization of our knowledee of atmospheric bonndary Lover phiyv-iess We also commen on liow
W e s ing the recont advanecements iy microcompnter lt't'!.huln'_'_\' 1o illl]brl-\'l' e clLeTEen ey

te et e maodeling capability,

MODELS

Puflf model

o ot al. (19N9) modified an integrated pufl model by Peteraen and Lavdas o960 This
maodeldeveloped ar Mtmospherie: Tarbulenee and Diilusion Divicion "NOX AL is capabile of neine
a time dependent twodimeenaoual wind field capplied by the woer aud potl dispersion parametor
faced onon cte tachalence ata ta estinate coneentration o np to 100 receptor over Sevel terp g,
e i hieations v Raooor ol aveomnt for opose eles atpon dndh pegee hetween the traeer o lea o

atecaned the peveptor e corapies ternang testoeted Literal D per on o putle e co ol
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pufl dispersion parameters were based on the standard deviations of horizontal and vertical wind
direction fluctuatious. @, and a, derived by Rao and Schaub (1959) from the turbulence measure-
ments in Brush Creek. Hourly concentrations from 0000 1000 ies (MST) for the elevated release
sseptember 260 180 m heiglit, referred 1o as Test 20 and <he surface release i September 30, 5 m
height, Test D cases were compnted at 51 ground-level samplers on the three ares and along 1he
Vilhev aXis.

For the eiesared melease cases the oean of the coteent tations observed at all 51 ¢ Centors,
Croas 10 plbepreolitres Dirre s winde the mean of the predicoted coneentrations, P, is 20 o1 L 1 he
corresponding resuits for the cnrface releize case are S5 pl Tand 73 plyL respectively, These rosain:
suagest thiat the anter simulations are generally better, thouel the correlation coeflicients (1} 21
atd 020 are nearly the same for the two testss The observed data <how Large spatial and temporal
variability,  The ritio of the staelard deviation 1o the mean of the observed concentrations is
large abont L1 for hatle cases. The vadnes of this ratio for the predictions is abouwt 1.0 for Test 2
and O for Test XU many of the receptors, the predicted and observed Lourly averaged coneen
trations agree to within factors of 1wo to six. FPigures 2a and 2b show the hourly coneentrations.,
averaged over all 51 sanmipling stations, for Test 2 and Test 1, respectively. The corresponding plots
for the samplers inare T onlyv are shown in Figs, 3a and 3h, Tor both tests, the results for the
eatire sitnndation period are hevter at are 1owhich had the most 225 camples and wiis the farthea
02 ke frome che sonrer,

Plaewan factors et e tebat the mnditied pontieodelapproach may ol o ample ad
texpensive means Yoo pmniate e rpansport and dieper on of pollatants inovalley environment .
Panwre plan- o bdeodditionad cacer data mmiaton - and development of a pa!l model which
comld aceept thyee donen jonad wesd Scldora herror sonne et he ellects of iear, absidenes, anild
ditterential heatime of valley wdeswallcon the tran part i e teetation of thee patls,

'l modede are appealing becanae ol tloie abality toaddee Deha wind conditions and ot
terur releases, Inaddition, wome papottant clfecte of complex terrain can be represented thronel
patially canable wind field dara, and adjtment s dor ero elevaton ditferenees, as di enened

aboves Deposition and craatational ettline of saceons ar patticalate pollocant<, and the patan

ctopzed elfect ol fact exothermn chemical teaction . can alao be incorporated e the pall maodel,



as shown by Hicks et al. (1989). It is not surprising. therefore, that a puff-trajectory approach is
often used to satisfy the ueed for both a simple *Class A™ model for site evaluation and real-time
emergency respoase application. and a more complicated =Class B” model suitable for safery and
rirk assessment. emergeney prepareduess, and post-aceident assessment applications rsee ez, ks

et al., 19%9: Eckman and Dobosv. 180 Ramsdell of al.. 1983).

HOTMAC/RaPTAD

The basie equations of Lo Aliunos Naton Laboratory™s HO FNAC Hligher Order Tarbulenes
Model for Atmospheric Cirenlations s for mean wimd, temperatare, mixing ratio of witer vapor, and
rurbulence are given in Yamada and BunKker 11955, 1989,

Surf.:ce boundary couditions are constructed from the empirical formulas by Dyer and Hicks
(19700 for the nondimensional wind and temperature profiles, Streictly speaking, the formulas are
valid only for horizontally homogeneous surfaces. Tt is assumed, however, that the ime rela
tions are fair approximations over nonhot:ogeneons terrain. provided that the formnlas are applied
sufliciently close to the surface. It shonld be noted that vegetation plays an active part in the
apportionment of available heat energy hetween convective (sensible and latent) and conduetive
tinto the soil) components, The technique disenssed here is intended 16 address only the case of
bare soil where the surfice is conventionally charactenized by ronghness lengths, The complesit:
introduced by hioloeical factars and drag forces dae to tall trees ceanopy flow rare bovond the scope
af the present ~tady, Use ol the amilarivy forala: rerquires hnowledee of the surfaee temperatares
a method to abtan the saeface temperature odisenssed below,

The remperatares in the ol Saver are obtained by solvine the hear conduction equation
\pptopriate houndary condition . are the heat eserey Tadanee at the ol caifaces ol oeclination
al the wonl temperatnre ar ol Beat ey at o cettin deprhe

he Lateral honndary valiues are abitained by aintegeatine the correspoudinge, eovernine eguation .
eveept that vatiation in the horizontal directions are all neelected. Phe Lateral boandary value
for a nested e are provided by the coare endd valoes at the houndaries ol the pested area.

HOTMAC ontpat are nsed ascinput tooa Lagrangian dithesion and Coansport model Ral' 1 AD,
Random Particle taneport And Ditlusion. A chernel™ density estimaton isowed o a1 YD where

cach particle repreantca center of o putl. Various fanetional fornes may heaccammed to exprese the



concentration distribution in the pufl. One of the simplest ways is to assume a Gaussian distribu-
tion. where variances are determined as the time iutegration of the velority variances encountered
over the history of the pufl. The concentration level at a given point in time and ~pace is determined
as the sum of the concentrations each putl contributes, The kernel method requires no inisginary
<ampling volumes, and produces a smooth concentration distribution with a much smaller number
of particles than required for the previcus particle method.

HOTNAC and RaP I'AD were instailed on fast microcamputers and fested agains: meteorojos
ical and tracer data collected in the summnier of 1987 in Rush Vallev, Utali «Williams and Yamada.
19591, Two tracer releases were simulated, one davtime aud one nighttime. During the nightiime
rolease, data gathered by a tethered instrumented balloon indicated an extremely large wind di-
rectionid shear. The mmodel was able to produce and maintain the large shear throngh a =“nndging”
term in the equations of motion which guided the winds in the upper levels toward the observed
valne, In order to deal with anomalous thermal winds associated with simple initial conditions, the
model was initialized witie very lov. winds. At a time appropriate to the tracer release the winls
were toinitialized to the observed conditions. The modeled winds (Fig. 1 near the ground were in
vond agreement with the observed low level winds (Fig. 5).

The nighttime tracer “oncentrations displayed low dispersion and high concentrations whicl
persisted for several honrs. The plimes were rather long. and individoal sites sxhibited high
cancentrations for periods much longer than the one hour olease period. Phe model was able o dao
aeond job of representing this behavior which is produced by the laree wind <hear 7yt arlaee
Laver. Both the model and the observations indicated that wind hietnations were very qpartant
o tle tiime hehavior of concentrations at varions sjtes,

TLar the davtime release the dispersion wis very rapid as tndicatod ol the abservition -
ated the madel prediction . The maodel predicted dramatie difference s herwoen the piehittime anel

davtime hehavior, similar to those found in the observation-.

PNL/CSU Model
N version of the Colorado State University 1COST) Clond /NMesoscale mode e Pripoli and Cotton,
19 Bader of al.. 1987) has been modified for use at the Pacifie Northwe v Laboratory (PPN

to study atmospheric boundary laver dyvonamics in repions of complex terram. Mthouph i wae



originally developed to simulate convective storm structure, the model’s nonhydrostatic dynamical
formulation coupled with a cerrain-following coordinate systemn make it an ideal tool for the study
of local and mesoscale circulations in regions of complex terrain. This model uses the dynamical
equations and time-splitting numerical rechuiques described by Kiemp and Wilkielmsen 1197
as the basis for its nonhydrostatic formulation.  Additionadly. the turbulence parameterization
of Yamada (19831 was included to more faithfully simulate the detiuils of noctarnal boundary
aver development. The inclusion of topograpiiy is accomplished throngh the incorporation of the
coordinate transformation described by Clark (1977

['his model’s primary nse has been for parametric stadies of nondinear effocts of terrain we-
ometry and surface forcing on circulations in complex terrain. Although it is not an emergencey
response forecast model, the results of numerical modeling experiments nsing this model can guide
the development of new forecast tools. Recently, the model lias been maodified to perform large-edds
simunlations (LES) of passive plume dispersion in turbulent flow. The objective of this effort is 10 di-
rectly simulz: e the small-scale concentration fluctuations of the dispersing pltme (Bader and Horsr,
1988). For many radioruclide and toxic chemical releases in emergeney management problems. the
peak instantancous conceutrations are far more important than the time-averaged concentrations.
Since the experimental data on concentration fluctuations are limited. model experiments can he

performed to provide a more complete data base for lutare parameterizations,

ARAC

Lawrenee Livermore National Laboratory «LLNLy has had a eontinuing commitment 1o req
tine emergeney response sinee the carly 1970-0 when the coneept fora serviee to facilitios reqairine
real time prediction of the extent of health hazards from g release of radioactivity or other toxie
materials into the atmosphere was formalized as the Atmospherie Release: Vdvisory Capability
(ARAC). Prior to this, LLNL had begun development of o three dimensional diagnostic wind field
model, MIATHEW (Sherman., 1978), and a companion three dimensional particle in cell transport
and ditfTusion model, ADPLC (Lange, 1973), Thus at the inception of ARNC these codes were peandy
for nse amd were chosen as the appropriate assessment tools for ARANCS complex requirement s,

Ihe MATHEW maodel is nsed to penerate a three dimensional. miess conservalive gridded mean

wind field across complex terrain, It uses o variational methad to minimally adjnst a given set of



interpolated metcorological observations to account for the topographical forcing. Using mean wind
fields. such as those generated by MATHEW. as input. ADPIC. a three-dimensional transport aid
diffusion model. predicts the time and space varying dispersal of the atmospheric pollutants. To
accomplish this, ADPIC uses a particle-in-cell techuique in which Lagraagian marker particles,
which represent mass or radioactivity are transported inside a fixed Enlerian grid.

Althousgit the NIATHEW ZADPIC oM A models are <till the hasie ARAC models, they bave
heon significantly improved over the 2970's versions because LLNL has continued 1o develop and
test them using the data from major tracer lield studies as they became available, Examples of
these studies are ropresented in the field experiments of INLL Liange, 1970 SRP ( Lange, 197w,
ASCOT (Lange. 19590, EPRT (Peterson and Lange. 195150 MATS - Rodriguez and Rosen, 19510,
and MONTALTO (Desiato and Lange, 198350,

Throuskout the 1970s and 19%0s, ARANC has nsed the latest available M/A models in their
emergency response computations. They have responded 1o sitnations sueh as an U spill in
North Carolina. the Russian COSMOS 915 satellite re-entry, and the Three Mile Taland aceidem
(Sullivan, 1988), Recentlv, ADPIC, coupled with the Air Force Global Weather Central wind fields
rather than with MATHEW, was used to simulate the Russian Chernobyl reactor aceident (Lange
of al.. 198X).

Recogniziag the limitations of the diagnostic wind field model, LLNL has also worked on the
development of predictive dynamic models in addition to improving the performanes of MEATIFAV/
ADPIC  Initial eofforts lave coneeptrated on solving the nonhydrostatic equations over Jonains that
ringe from 2 fow hundred maters to a few tens of kilometors, The models use the finite elemem
wethod becanse of the aceuraey of the misthod, and the eaae with whicl ireegular doaains anl
araded arids can be limdled, This work Lias led 1o a0 saite of closely roliated models that jnelude
the FEAMS model nsed 1o simulate the dispersion of ieaver than air gases (Clhan of ol 19570 a
planetary boundary Tayer model naed to study ihe atmospherie flow over complex terrain in both
two i Lee and Leone, 19850 and thiree s Leone and Lee, 198%9) dimensions,

Iu ~pite of inereased computer paower, the nonhydrostatic model are pot yet fast enonel 1o
be used for real time emergeney response, Fhos, we are developing a computationally eflicient

hvdrostatic meso 3 seale dymanme model that we plan to imtegrate mto the ARAC system in the



future. This model (Chan ¢t al.. 1989), taking advantage of many of the techniques that we have
developed in our rescarch on the nonhyvdrostatic models. uses finite element techniques to solve the
prognostic equations and finite difference techniques to solve the diagnostic equations. When the
model is part of the ARAC syvstem, it will angment MATHEW in <upplving forecast wind fields
10 the ADPIC model. thus extending the time range of ARNCS predictions and enhancing its

capabilities in the future.

Summary and Future Work

In the early 19705 the Ollice of Health and Environmentad Research ¢OINER Y oF the U5,
Department of Enerey «DOE) was largely responsible for the development and implementation of
thiree-dimensional diagnostic mass-consistent wind maodels that have received exrensive nse jn the
emergencey response arena as both site assessment and real-time eniergeney response models. In the
19%0s DOE/OHER has supported the development of the uext generation of emergeney response
maodels through the sponsorship of the development of two and three dimensional prognostic models
within the ASCOT program,

As part of the ASCOT program. researchers at the Atmospheric Turbulence and Diffusion
Division of NOANX at Oak Ridge have enhanced an integrated pull model so that it can now he
naed as an mexpensive tool to sinmlate pollntant dispersion in vallevs as well as areas of flat terrain.

Researchers at Los Niamos National Laboratory have developed the HOTMNC/RalPTAD
modeling ~vstem composed of a three dimensional hvdrostatic dvnasie model conjded with a La
arangian transport andditfusion maodel, This modeling systeme while developed on eray supereom
anrer-, is now capable of running on desktop workstations, It is eonvi-ioned that thi- svetem will be
vt aa i operationai emergeney response site vatem wherein the s samie model, O TAEAC, whl!
Le contineally running to foreeast and save the wind and tarhnlenee fields for the next 20 honr-,
Fhen,in the event of an aceident, these fields will be readily available as inpnt to the dispersion
code, RalPTAD 1o compute the surface coneentration distribution of the release " material.

At LENLD there has been a continual improvement of MATHEW ADPIC, she basie ARNAC
code system Jevoted to emergeney response, T addition, they are currently develaping an eflicient
hydrostatic model based on o combinetion of fuite elewent and finite diference techniques to

augment the NEAXTHEW/ADPIC models within the ARXC system. This maodel will be coupled
I



with the ADPIC dispersion model to increcase the range of moteorological conditions and time
scales that the ARAC system can accurately lorecast.

In addition to 1the modeling work directly applicable 10 emergency response. researchers at
PNL. LLNL and LLANL are developing more general (and computationadly more demandingi mod-
+]s which can deal with the nonhydrostatic pressure foree, foggy or clotdy conditions, predipitation
and time-vaiving svnoptic scale conditions. Futnre dispersion models wiil also be able to com:
mte con ntration uctnations in addition 10 the mean values, These offorts provide for a betrer
nnderst. ding of the physical processes involved in comples flow and can often serve to improve
model parameterizanions in simpler models, Also, this work is instrumental in anderstanding the
performance and limitations of the less risorons, but more eflicient. modeis nased in emergeney

r".\])()ll.\'l‘_
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